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CHARACTERISTICS OF KUKERSITE OIL SHALE,
SOME REGULARITIES AND FEATURES OF ITS RETORTING

Over the seventy years of commercial scale retorting of Baltic oil shale (kukersite)
considerable studies have been carried out on its physical, chemical and technological
properties. The results of these studies combined with operational experience have
greatly contributed to further perfection of oil shale retorts now in operation in
Estonia and in Leningrad district. However, no generalized evaluation of these data
and experience has been published so far. It will therefore be of interest for further
development of new retorts to discuss here some technological properties of kukersite
characterizing it as a raw material for thermal processing.

One of the process design criteria is the yield of shale oil characterized by the
Fischer assay test. Experience has shown that the Fischer-assay oil yield (7%, %)
from kukersite is a function of its heat of combustion and can be quickly calculated
according to the following equation [1]:

Ty = 1.767-Q; - 0.162

S

(statistically 7 = 0.9999 and the standard deviation § = 0.129), where Q% is the
calorimetric heat of combustion on a moisture-free basis, MJ/kg. It is interesting to
note that practically the same equation is valid for Green River oil shale:

T3 = 1767-QF + 0.001  (r = 0.9999,-8 = 0.004)

One of the characteristics of kukersite causing considerable difficulties in its
commercial scale processing is its bituminizing on slow heating — the transition to
the plastic state within the temperature range 350—400 °C. The maximum yield of
thermobitumen is produced at 390—395 °C and it makes up to 55—57 % of organic
matter irrespective of oil shale quality. At these temperatures carbon content of the
solid residue (remaining after extraction of thermobitumen with a mixture of ethanol-
benzene) is of the minimum value. However, as the heating continues to
510—520 °C the carbon content of the residue increases 2—3-fold. In case of other
shales the carbon content in semicoke reaches its minimum value only by the end
of retorting [2].

This feature of kukersite can be most likely explained by the relatively high content
of thermally unstable components like oxygen-containing compounds (including high-
boiling phenols) in the volatiles. As a result most of the carbonaceous residue in
semicoke is of secondary origin formed at the pyrolysis of these unstable
compounds. The most widespread oil shales of the world typically form paraffin-rich
oil on their retorting. The content of oxygen-containing compounds, including
phenols, in these oils is negligible or they are absent altogether.

It follows from the characteristics of kukersite that its volatile products are
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thermally unstable at the moment of their formation and they undergo considerably
more extensive secondary pyrolytic transformations as compared with other shales.
Therefore in order to obtain the maximum yield of oil with an elevated content of
phenols including water-soluble alkyl resorcinols it is of utmost importance to
evacuate the volatile products of kukersite retorting from the reaction zone,
particularly from the microporous structure of shale lumps without delay. The best
way to obtain this is processing kukersite in a flow of gaseous heat carrier with a
low partial pressure of oil vapours; the gas for heat carrier must be taken after it has
passed the condensation system of the unit.

On retorting kukersite first of all the fine fractions rich in organic matter undergo
bituminization. On retorting large particle oil shale troublesome consequences of
bituminization — sticking of organic matter to the retort walls, formation of
hangings, etc. could be eliminated by better screening out fine fractions from the
feedstock and retorting oil shale in a thin layer — 1.0—1.5 m that enabled to pass
the temperatures of maximal thermobitumen formation at a relatively high speed (not
less than 3—4 °C/min).- The best realization of these conditions was obtained in
retorts with cross-current heat carrier flow. Switching to the retorts with cross-
current.heat carrier flow enabled at last to create retorts of high capacity for thermal
processing of such a "difficult" feedstock as kukersite.

Another feature characterizing kukersite is the predominance of calcium carbonate
in its mineral part. This compound dissociates at high temperatures forming free
calcium oxide which absorbs phenols on contact with the volatile products. As a
result the content of light fractions in total oil increases considerably while their
utilization remains at present problematic. Therefore direct contact between volatile
products and solid residue which contains free calcium oxide should be avoided on
kukersite retorting. However, if light fractions could be utilized properly, the solid
heat carrier units, for instance, contrary to other retorts, enable to obtain shale oil
with an increased content of light fractions. Retorting oil shale at thermally severe
parameters the share of gasoline fraction (boiling to 200 °C) in total oil (see the
Table) can reach 30 vol. % with a phenols content as low as 10 % [3]. As seen from
the Table, the physical and chemical properties of kukersite oil are greatly influenced
by the presence of phenols, i.e. by the conditions of evacuation of volatile products
from the reaction zone on retorting oil shale.

One must bear in mind that on thermal processing of large particle shale
dissociation of carbonates is negligible; this process intensifies if oil shale is more
degradated. The following equation is proposed for a quick estimation of the
carbonate dissociation degree (8, %) on thermal processing of kukersite:

B = 100 - 244-Kgp ™

where Ko™ expresses the ratio of (CO,), to A in the solid residue.

Owing to a considerable amount of thermally unstable compounds among volatile
products formed during retorting, oil shale moisture favourably influences the
kukersite retorting process enabling accelerated evacuation of volatiles from the
pores of lump shale and increasing therefore the content of phenols in the oil. For
that reason a preceding drying of kukersite is not practical as this may essentially (up
to 20—30 relative %) lower the content of phenols and lead to lighter fractional
composition of the oil.
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It is known that the presence of oxygen in the retorting zone is of decisive
importance in determining the yield of oil from processing kukersite [5, 6]. On
retorting oil shale with gaseous heat carrier it is extremely important to minimize the
absolute amount of oxygen entering the semicoking shaft [7]. At the present
technological level of retorting process (with gasification of semicoke and
combustion of gas in special burners) there exists an evident relationship between the
oil yield of the Fischer assay (y, %) and the specific consumption of air in the
process (x,, m’/t):

y =983 - 0056°x, (r = -0.9660, 5= 34)

The negative effect of oxygen on the oil yield on retorting large particle shale is
most likely caused by the oxidative pyrolysis of volatiles in semicoking shaft
accompanied by their partial combustion. Therefore a direct relationship between
specific yield of hydrogen on organic matter basis (x;,, m*/t) characterizing the
intensity of pyrolysis of volatiles in the semicoking shaft of a certain retort, and
specific consumption of air in the process can also be observed [8]:

x, = 0250-x, + 209 (r = 09130, 5 = 0.8)

The less oxygen enters the semicoking shaft the less secondary pyrolytic
transformations of volatile products take place and the higher is the oil yield.

As for the éssential effect of specific air consumption upon the process on retorting
lump shale one has to bear in mind that contrary to other oil shales it is fairly
difficult to obtain high oil yields from kukersite. It may be explained by the fact that
on thermal processing of kukersite, unlike the oil shales of other deposits, its
elevated moisture percentage and the predominance of calcium carbonate in its
mineral part result in high values of specific heat consumption in the process
(approximately twice as high as, for instance, in case of oil shales from Green River
and Irati) [9]. That is why on thermal processing of kukersite the specific
consumption of air must be kept at a high level which, however, decreases the oil
yield. Therefore the reduction of specific heat consumption and, consequently,
specific consumption of air in order to decrease the concentration of oxygen in the
reaction zone has become one of the most actual problems in utilizing kukersite. The
Oil Shale Research Institute and the Oil Shale Processing Association have developed
a new retort design with a circular semicoking chamber to improve the distribution
of heat carrier across the shale bed: It has already been demonstrated in practice,
that in these units, as compared with the retorts presently in operation, the
distribution of heat carrier across the shale bed has indeed improved resulting in a
decrease of the temperature of oil vapours at the gas offtake from 200—250 °C to
140—160 °C and a decrease of specific air consumption from 340—360 to
240—260 m®/t [10].

Conclusions

For the design of new retorts for processing kukersite its following characteristics
must be taken into account:

— tendency to bituminization of fine shale fractions on slow heating within the
temperature range of 350—400 °C;
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— presence of relatively large amounts of thermally unstable components among
volatile products (e. g. oxygen compounds including high-boiling phenols) and
predominance of calcium carbonate in the mineral part of oil shale;

— favourable effect of oil shale moisture on the yield of phenols including water-
soluble alkyl resorcinols;

— relatively high specific heat consumption for kukersite thermal decomposition;
— relatively low mechanical and thermomechanical strength. ;

These unique properties of kukersite could be best used for oil production. High
yields of phenol-rich oil including also water-soluble alkyl resorcinols can be
achieved on retorting kukersite in the flow of oxygen-free gaseous heat carrier at
a minimum possible partial pressure of oil vapours, without preliminary drying of
oil shale, avoiding at the same time contacts between volatile products and the solid
process residue containing free calcium oxide.

B. M. EOQHMOB, T. A. ITYPPE

HEKOTOPBIE 3AKOHOMEPHOCTH, CIHEIHPUYECKUE CBOHCTBA
H OCOBEHHOCTH ITOJIYKOKCOBAHH A CIIAHIIA-KYKEPCHUTA

Pesrome

K cnenuduyecKUM TEXHOJOTHYECKHM CBOHMCTBAM KYKEPCHTa, KOTOPbIE HEOOXOIHMO
YYUTBIBATh IIPU CO3MAHUU arperaToB i TEPMHYECKOUN MepepabOTKH, OTHOCATCS:

- CPaBHUTEJIbLHO HU3Kas MEXaHUYECKAs U TEPMOMEXaHUYECKAsd MPOYHOCTD;

- OUTYMHHHU3AIIUsS [IPH MEIJIEHHOM HarpeBaHWM B Npefesax 350—400 °C, B mepBylo
o4yepenb MEIKUX GpakIHi CIaHIA;

- HaJIMYHME B COCTABE JIETYYUX MNPOAYKTOB CPAaBHUTEIbHO OOJBIIOr0 KOJIHYSCTBA TaKUX
TePMHUYECKH HECTAOMIIbHBIX KOMIIOHEHTOB, KaK KHCJIOPOIHbIE COSHHEHHS, B TOM YHCIIE
BBICOKOKHIISIIIEH YacTH (PeHO0J0B, W IIpeoOJaJaHHe B COCTaBe MHUHEPAJbHOH YacTH
claHna KapOoHaTa KaJIbIUs;

- HOJIOXXKHTEIbHOE BIUSHUE Ha BbIXOH (EHOJIOB, B TOM YHCJE BOIOPacCTBOPHUMBIX
QJIKHJIPE30PIIMHOB, pab0OYe BIATH ClIAHIA.

Hau6oJiee MOJTHOE HCIOJIb30BAHHE YHHKAJILHBIX CBOMCTB KyKePCHTa 00eCIIeunBaeTCs
pH BbIPabOTKE CMOABI. IS MOJYYeHHS BBICOKOTO BBIXOHA CMOJIBbI C IOBBIIIEHHBIM
coliepkKaHueM EHOIO0B, U B TOM YHCIC BOJOPACTBOPUMBIX alKHJIPE30PIIUHOB,
XapaKTePHBIX VIS NPOLYKTOB MOJYKOKCOBAHUS KyKepCUTa, HauboJIee O01aronpusiTHbIE
YCIOBUSL JOCTUTAIOTCH MPHU TMOJYKOKCOBAHHMH KYKEDCHTAa B MOTOKE Ta3000pa3HOro
TEINIOHOCUTEII ¢ MUHUMAJILHO BO3MOXKHBIM MaplIMaJIbHBIM JaBIeHHEM MapOB CMOJIBI,
6e3 IpeaBapUTEJbHOW aBTOHOMHOM MOJCYIIKH CJIaHIA H 3KeJaTeJbHO IIPH MOJHOM
HMCKIIIOYEHUH KOHTAKTa JIETyYMX HPOJAYKTOB C TBEPHbIM OCTaTKOM IepepabOTKH,
COJiep>KaluM CBOOOITHBINA OKCHJ KaJIbITHS.

IIpu HEOOXOOMMOCTH XK€ IOJyYeHHS JIerKHX (pPaKIUd CMOJBL ¢ HeOOJIBIIHM
cofepkaHueM  (eHOJIOB  (eciM  STH  GpakKIMH HAHIYT KBaJHQHIIMPOBAHHOE
HCII0JIb30BaHUE), HA0060pOT, HEOOXOMUMO 00ECHeYHTh KOHTAKT JIETYYHX MPOIAYKTOB C
TBEPJIbIM OCTaTKOM I1ePepabOTKH, COMEPXK MMM KaK MOKHO 00JIbIIE CBOOOIHOI0 OKCHIA
Kajabius. ITpu 9TOM XellaTeIbHa aBTOHOMHaS MOMCYIIKA CaHIla H UCIOJIb30BaHUE IS
Mporecca TBePAOro TEIJIOHOCUTES (TabmuIa).

EcTecTBeHHO, NPU NOJYKOKCOBAHUU KaK KYKEPCHTA, TaK M TOPIOYHX CJIaHIIEB NPYTHX
MECTOPOXKIEHUHN JOKHO ObITh COOMIONEHO peIIalollee YCIOBHe, 00eCIIeYHBAIOIIEE
BO3MOHOCTb TOJIyY€HHS BBICOKOTO BBIXOHA CMOJbI: MHUHHUMAJIbHBIM HOJDKHO OBITh
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abCOJIIOTHOE KOJHMYECTBO KHCJIOPOJA, IOCTYHAKOMIEr0 B INAaxXTy IOJYKOKCOBaHHS.
PaguKkaidbHBIM pellleHHEM STOH MpoOJIeMbl SBISeTCS, KaK H3BECTHO M3 MHUPOBOH
NPaKTHKH, IPUMEHEHHE IUPKYJISAIMOHHOIO TEIUNIOHOCUTeNsl B cioe. B ciyvae
rnepepaGOTKH KYCKOBOTO CJlaHIla B TIeHepaTOpaX PaBHOMEPHOE paclpelelieHHe
TEIUIOHOCHTEJISI B CJI0O€ HaWIyYIdM 00pa3soM [OCTUraeTcsi NpU IMOJYKOKCOBAaHHMH B
KOJIbIIEBOX KaMepe.
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